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The author published on the solubilities of cyanide of metals in the pre- 
vious paper. Béttger® determined the solubility of lead thiocyanate in 
water by the method of using dissociation constant. But on the solubili- 
ties of thiocyanate of other metals, we have no information. 

In this investigation, the solubilities of lead thiocyanate and cadmium 
thiocyanate were determined by the same method in the previous paper, 
and also the solubilities of zinc thiocyanate and cobalt thiocyanate were 
measured by means of the determination of specific conductances. 


(1) Lead thiocyanate and Cadmium thiocyanate. 


Lead chloride and lead thiocyanate were prepared from the dilute 
solutions of potassium salts by precipitating with purified lead acetate, and 
then precipitated lead salts were further purified with conductance water. 
Cadmium thiocyanate was prepared from the barium thiocyanate solution 
by precipitating with purified cadmium sulphate, and cadmium chloride was 
purified by washing with conductance water. 

The amalgam employed are contained 2.5% of lead and cadmium, and 
also the cells used were of ordinary form. 

The following cells are used to determine the solubilities of lead thio- 
cyanate and cadmium thiocyanate. 

(1) Pb (amalgam), Pb (SCN): (sat.) || PbCle (sat.), Pb (amalgam) 

(2) Cd (amalgam), Cd (SCN)p2 (sat.) || CdCle (0.01 M), Cd (amalgam) 

The measured electromotive forces of the cells are 0.001917 and 0.1136 
volt at 18°+0.1°C. respectively and constants necessary to carry out the 
calculation are given in Tables 1 and 2. 


Table 1. 


Activity coeff. Activity 


. ~ | Moles per litre 
Salt of water 


I bCl. 0.039 0.39) 1.521-10-2 
CdCl, 0.01 0.5324) 5.32 -10-3 


(1) This Bulletin, 6 (1931), 143. 

(2) Z. physik. Chem., 46 (1903), 603. 
(3) Z. physik. Chem., 56 (1906), 645. 
(4) J. Am. Chem. Soc., 41 (1919), 1787. 
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Table 2. 


Ionic conductance Ionic conductance 
at 18°C. at 18°C. 


60.2 1- 65.5 


46.4 SCN- 56.7 


In the previous paper, we obtained the following equation. 


E = E,— E, = 


Ac_ Aa 
1 Ve Va RT jy, de 
LZ Ac + Aa F ay 
(1) Solubility of lead thiocyanate 


60.2 61.1. 


0.001917 =} 1— ? {ower 


g 1.521 x 10° 
2 121.3 


ay 
a, = 1.87x 10 


(2) Solubility of cadmium thiocyanate 


— 61.1 


46.4 


1 2 5 
0.11360 =| 1— Jou 7] 
. 2 — ee 


5.32 x 10° 


@, = 2.51 x 10-5 


The calculated value of the solubility of lead thiocyanate is in good 
agreement with the value of Béttger (1.35 x 10°”). 


(2) Zinc thiocyanate and Cobalt thiocyanate. 


Zine thiocyanate and cobalt thiocyanate were prepared from the barium 
thiocyanate solution by precipitating with purified zinc sulphate and cobalt 
sulphate. 

The conductivities of zinc thiocyanate and cobalt thiocyanate were 
measured at 18°+0.1°C. by the same method in the previous paper. The 


(1) J. Am. Chem. Soc., 34 (1912),°459. 
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specific conductances of zinc thiocyanate and cobalt thiocyanate were 6.55 x 
10 and 1.496 x 10~ respectively, and also the cell constant was 0.228. The 
conductivity water which used in this investigation had a specific con- 
ductance of 1.5=10-°. 


The solubilities of zinc thiocyanate and cobalt thiocyanate were cal- 


culated by the equation, n = K and the values of A.. obtained by the 


addition of the ionic conductances are 103.7 for zine thiocyanate and 99.7 
for cobalt thiocyanate. 


(1) Solubility of zine thiocyanate 


1000 x 6.55 x 10 * x 0.228 
103.7 


= 1.4410"! 


(2) Solubility of cobalt thiocyanate 


1 96 
 — 1000 x 1.496 x 101 0.228 _ 9 4449-1 


99.7 


Summary. 
(1) The solubilities of lead thiocyanate and cadmium thiocyanate were 
determined by the potentiometric method. 
(2) The solubilities of zine thiocyanate and cobalt thiocyanate were 


determined by the measurements of the specific conductances. 


Yokohama Higher Technical School. 


SORPTION OF GAS BY MINERAL. IIL. 
SILICIC ACID MINERALS. 


By Jitsusaburo SAMESHIMA. 
Received May 12th, 1931. Published July 28th, 1931. 
In the first report of this series the results of experiments were des- 
cribed on heulandite and chabazite,” and in the second report on laumon- 


tite.” The present paper deals with the experiments on some silicic acid 
minerals. 


(1) Sameshima, this_Bulletin,/4°(1929), 96 
(2) Sameshima, this Bulletin, 5 (1930), 303. 
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The minerals tested are two kinds of chalcedonies, common opal, diato- 
maceous earth, natural silica gels and siliceous sinter. The gas used is 
ammonia, which has been prepared from ammonium chloride and lime, and 
dehydrated by potassium hydroxide, frozen and fractionated twice with 
liquid air. 

The apparatus and the method of measurements are quite the same 
with those which were described already.“? The experiments have been 
done at 25°C. and under about one atmospheric pressure of gas. 

Chalcedony A. The mineral from Morofuno, Ibaraki Prefecture has 
been used. It is a translucent hard matter. The mineral lost 0.2624 by 
weight on evacuating and heating to 300°C. The loss probably due to the 
evaporation of water which is contained in the mineral. The mineral which 
was dehydrated at 300°C. has been tested for the sorption of ammonia. 
The results are shown in Table 1. 


Table 1. Chalcedony A. 


Volume of NH, (N.T.P.) sorbed at 





Time Pressure of gas | 25°C. by 1 gr. of chalcedony, inc.c. (x) 
in min. (t) in mm. 
Observed Calculated 

0.5 763.3 0.19 : 
3. 763.3 0.28 0.21 
10. 763.3 0.42 0.43 
60 762.9 0.70 0.76 
155 762.4 0.93 0.94 
1335 759.3 1.39 1.34 
4285 758.5 1.56 1.56 

«x = 0.43 log ¢. 


In this table, the first column shows the time in minutes after the con- 
tact of mineral to ammonia, the second column the pressure of ammonia 
gas, the third column the volume of ammonia sorbed at 25°C. by the dehy- 
drated material which has been obtained by treating one gram of air-dry 
mineral at 300°C. and evacuating, the figures being the volumes in e.c. 
reduced at normal temperature and pressure, and the fourth column the 
values calculated by the equation given at the bottom of the table, x being 
the volume of ammonia sorbed and ¢ the time. 


(1) Sameshima, this Bulletin, 2 (1927),2; 4 (1929), 97. 
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Chalcedony B. Another sample of caleedony was tested, the locality of 
which being Akadani, Niigata Prefecture. The mineral is found as gravel 
of spherical shape the diameter of which being about 2-4cm. and is called 
‘“sorobandama-ishi.’’ It is a hard, translucent matter. The loss of weight 
by heating to 300°C. and evacuation amounts to 0.6524. The volumes 
of ammonia sorbed by one gram of air-dry mineral after dehydrating at 
300°C. are given in Table 2. 


Table 2. Chaleedony B. 


Volume of NH,(N.T P.) sorbed at 25°C. 


Time Pressure of gas by 1 gr. of chalcedony, in c.c. (7) 
in min. (¢) in mm. 
Observed Calculated 
0.67 758.3 0.44 _ 
3 758.3 0.71 0.70 
6.5 758.3 0.89 0.89 
14 758.2 1.08 1.08 
23 768.2 1.19 1.20 
29 758.1 1.26 1.26 
55 757.9 1.44 1.42 
90 757.9 1.56 1.54 
313 757.8 1.83 1.85 
x= 0.57log t+0.43 


Thus chalcedony B absorbs more ammonia than chalcedony A, being 
parallel to the water contents of them. 

Opal. The mineral from Hoosaka, Fukushima Prefecture has been 
used. It has a milky colour and a glassy lustre, and is like the boiled 
white-of-egg in appearance. The mineral contains much water than chalce- 
dony. By heating to 300°C. and subjecting to evacuation its weight de- 
creased to the amount of 5.01%. The substance thus dehydrated has been 
used for the experiment. It is, therefore, expected that more ammonia 
will be sorbed by this mineral than chalcedonies. The results are shown in 
Table 3. 

The values in Tables 1 to 3 have been depicted in Fig. 1, taking the 
logarithm of time against the volume of ammonia sorbed. The straight 
lines are drown by the equations given under each table. The observed 
values are, quite satisfactorily, on the straight lines, excepting first one or 
two values in each series. 
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Table 3. Opal. 


Volume of NH, (N.T.P.) sorbed at 
Time Pressure of gas 25°C. by 1 gr. of opal, in c.c. (x) 
in min. (t) in mm. ———— ——— $$ 
Observed Calculated 


745.9 2.52 _ 

745.9 3.07 2.93 
745.8 3.71 3.68 
745.6 4.20 4.20 
745.2 4.52 4.52 
744.6 4.84 4.84 
743.9 5.17 5.17 
755.6 5.99 6.02 
764.9 6.55 6.52 


x = 1.08 log t-+-2.60. 











log t 


Diatomaceous Earth. The diatomaceous earth from Saigo, Oki Islands 
has been used. The mineral was dehydrated by heating to 300°C. and sub- 
jecting to evacuation, the decrease in weight being 10.12%. Thus a con- 
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siderable amount of water is contained in this mineral. Accordingly, as 
seen from Table 4, the amount of ammonia sorbed is also relatively high. 
The values are shown in Table 4 and Fig. 2. 


Table 4. Diatomaceous Earth. 


Volume of NH, (N.T.P.) sorbed at 25°C. 
oct ere ee ee by 1 gr. of air-dry earth after being 
' Time E — of gas dehydrated, in c.c. (x) 
in min. (t) in mm. 
Observed Calculated 


11.69 _— 
14.20 14.87 
15.46 15.43 
15.92 15.86 
16.61 16.54 
60 51.3 16.97 16.97 
120 17.33 17.39 
240 17.67 17.82 
1560 53.6 18.86 18.97 
4330 19.57 19.60 
7370 19.93 19.93 
11635 20.21 20.21 
18850 3 20.47 20.51 


1.42 log t+14.44 
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Siliceous Sinter and Natural Silica Gels. The three minerals which are 
described in the following lines were obtained from Nakabusa Hot Spring, 
Nagano Prefecture, The spring from which these minerals have been 
deposited, is erupting in boiling state, the temperature of which being 
95°C. The altitude is about 1500 metres from sea level. Total solid matter 
in 100,000 parts of spring is 68 in which 24 parts are SiOz. The value of 
Py of the spring is 8.9. 

In the course of flowing down the mountain side the temperature of 
spring descends and the deposition of silica takes place. The silica deposits 
in gel form of soft, gelatinous appearance of various colours. It is nota 
pure silica gel, but contains a considerable amount of organic matters like 
fungi, which may accelerate the deposition of silica from spring. The gel 
was dried in open air and the air-dry substance was analysed giving the 
following results. 


Weight loss by heating at 150°C. and subjecting to evacuation: 5.0% 
> 


( 
Ignition loss (mainly organic matter) : 12.50% 
SiO, : 77.35% 
Al,O, and FeO; : 2.66% 
CaO: 0.54% 
Total 97.9825 


The remainder (about 2%) is probably NaCl ete. 

The silica which is found underneath of the layer of gelatinous deposit 
is like a soft cheese in appearance. It is probable that this cheese-like 
silica was produced as the result of the loss of elasticity by the death of 
fungi in the gelatinous silica. At the bottom of the spring flow or the dry 
places near the spring there is much quantity of siliceous sinter which is 
generally a hard white, bone-like matter. 

Measurements were done on these three kinds of silicas. They were 
dehydrated by heating at 150°C. and evacuating and then measured the 
sorption of ammonia. The loss of weight by dehydration for gelatinous 
gel, cheese-like gel and hard sinter amount to 5.03, 4.01 and 3.4424 respec- 
tively. The results of measurements are shown in Tables 5, 6, 7 and Fig. 3. 


Theoretical. The mechanism of sorption of gas by porous matter has 
already been discussed.” The following equation for the velocity of sorp- 
tion has been proposed in case of the sorption of ammonia by charcoal. 


x=K log t+k, 


(1) Sameshima, this Bulletin, 4 (1929), 125; Chem. News, 139 (1929), 61. 
(2) Sameshima, this Bulletin, 5 (1930), 173. 
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Table 5. Gelatinous Silica Gel. 


Volume of NH; (N.T.P.) sorbed at 25°C. 
by 1 gr. of air-dry gel after being 


in ae oe - dehydrated, in c.c. (x) 
Observed Calculated 

1 757.6 18.95 

5 757.6 23.73 

10 757.6 25.66 
25 757.5 28.14 28.69 
71 757.9 31.01 31.14 
200 759.0 33.68 33.58 
1470 762.0 38.31 38.27 
2850 769.7 39.76 39.84 
4520 770.0 41.08 40.92 
5790 761.2 41.59 41.50 
8840 766.2 42.39 42.50 
10130 759.1 42.66 42.82 


a = 5.42log t+21.11 


Table 6. Cheese-like Silica Gel. 


Volume of NH;(N.T.P.) sorbed at 25°C. 
by 1 gr. of air-dry gel after being 


" og sag gas dehydrated, in c.c. (x) 
Observed Calculated 

1 761.8 23.96 

5 761.8 27.73 

10 761.8 29.02 
30 761.7 30.91 30.57 
62 761.8 32.38 32.33 
120 762.1 33.85 33.94 
210 762.1 35.20 35.30 

1370 762.5 39.55 | 39.87 ‘ 

2810 754.8 41.48 41.61 
5700 761.4 43.44 43.33 
12930 759.0 45.36 45.33 
17200 761.4 46.04 46.02 
22930 765.7 46.70 46.72 
41680 759.6 48.00 48.17 


x = 5.60 log t+ 22.30 
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Table 7. Hard Siliceous Sinter. 


Volume of NH, (N.T.P.) sorbed at 25°C. 
by 1 gr. of air-dry mineral after being 


ro vey as - 
Pressure of gas dehydrated, in c.c. (x) 


in mm. (t) in mm. 
Observed Calculated 


1 759.9 6.53 

5 759.9 8.22 
15 759.8 9.49 
70 759.3 11.85 
220 759.7 14.20 


16€5 760.1 19.05 19.14 
2990 752.9 20.97 21.18 
4555 754.5 22.44 22.63 
8895 764.3 25.07 24.96 
12900 771.3 26.40 26.26 
15790 759.2 27.06 26.95 
20275 763.1 7.91 27.83 
£9130 758.4 29.12 29.08 
36210 752.4 29.80 29.84 


x = 8.00 log t—6.63 











© to——_+—_ — 
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where x is the quantity of gas sorbed at time t, and K and k are the con- 
stants. This equation shows a straight line on a diagram drawn ~ against 
log t (Fig. 4). The trigonometrical tangent of the angle A between the 
straight line and the log¢ axis gives the value of K. The value of x 
cutting by the straight line at log t=0 gives the value of k. As shown in 
Figs. 1, 2 and 3, this equation can be applied in the present experi- 
ments. And by the above manner we can easily evaluate the values of K 
and & from the observed line. The equations thus obtained were given 
under each table of observed data. 

At the initial stage of sorption the velocity is not expressed by the 
equation as seen from the figures. In the case of sorption of ammonia by 
sugar charcoal such a non-linear part lasted about one hour.” In the 
present cases, it lasts shorter period, excepting siliceous sinter, thus 2-3 
minutes for chalcedonies, 5 minutes for opal, 2 minutes for diatomaceous 
earth, and 10 minutes for silica gel, while 200 minutes for siliceous sinter. 

The entering of gas molecules into relatively large openings among 
solid molecules are accomplished in relatively short time. This part of 
sorption cannot be expressed by the present equation and deviate from the 
straight line relation. But the latter part of sorption can thus well be ex- 
pressed by our derived equation. 


Summary. 


1. Sorption of ammonia by dehydrated materials of chalcedonies, 
opal, diatomaceous earth, natural silica gels and siliceous sinter have been 
measured. 

2. All these substances sorb considerable amounts of ammonia at 
ordinary temperature. 

3. The sorption velocity can be expressed by the equation 


x=K log t+k, 


where « is the sorption amount at time ¢, and K and k are the constants. 


Chemical Institute, Faculty of Science, 
Tokyo Imperial University. 


(1) Sameshima, this Bulletin, 5 (1930), 179. 





T. Ogawa. 


ON THE THERMAL DECOMPOSITION OF AROMATIC 
ETHERS UNDER HIGH HYDROGEN PRESSURE. 


3y Tcru OGAWA. 
Received May 4th, 1931. Published July 28th, 1931. 


It is a well known fact that diethyl] ether on being heated to 550° — 
770° C., decomposes into ethane and acetaldehyde”; anisol® yields phenol 
and ethylene at 380—460°, and cyclohexy! phenyl! ether decomposes at high 
temperatures into phenol and cyclohexene. 


Aromatie ethers such as diphenyl ether, as noticed by Graebe, on 
pyrolysis, yields diphenyleneoxide and other polymers with a small quantity 
of pheno! and benzene.“ This result seems to differ from that obtained 
with the aliphatic ethers or aliphatic and aromatic ethers mentioned above, 
and polymerization of diphenyl ether in the pyrolysis may be attributed to 
the weakness of the combining affinity of the hydrogen atom in the para or 
ortho position for the carbon atom, effected by the disruption of the linking 
between the earbon and the oxygen atom in the molecule. 


The thermal decomposition of ethers should be promoted in the presence 
of catalysts and in fact, aliphatic ethers in the presence of Japanese acid 
clay are decomposed into alcohols and olefines at 200°; phenyl methyl 
ether by potash fusion at 180° produces phenol and anisol; and diphenyl 
ether by contact with metallic sodium heated to 180°—200°, is decomposed 
into phenol and benzene.” The decomposition of diphenyl] ether into phenol 
and benzene is promoted in the presence of reduced nickel and hydrogen, 
as observed by S. Komatsu and M. Masumoto”, this decomposition being 
evidently accompanied by hydrogenation of the benzene nucleus: 


C,H; O C,H; > C,H,,0H+C,Hy 


It is, therefore, very interesting to study the pyrolysis of aromatic 
ethers in the presence of hydrogen under pressure, and in the present re- 


(1) Ann., 14(1835), 1384; U. Nef. Ibid., 318 (1901), 198; E. Peytral, Bull. Soc. Chim., 
A (1924), 35. 

(2) Meyer u. Hofmann, Monatsh., 38 (1917), 343. 

(3) Skraup u. Beifuss, Ber., 6O (1927), 1070. 

(4) Ber., 29 (1896), 1877. 

(5) R. Nakai, This Bulletin, 5 (1930), 136. 
K. Kashima, Ibid., 5 (1930), 25. 
P. Shéringen, Ber., 56 (1923), 176; K. Ziegler u. F. Thielmann, Ibid., 56 (1923), 1740. 
This Bulletin, 5 (1930), 241. 
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search, diphenyl ether, diphenylene oxide, a- and 8-dinaphthylene oxides 
are used as the experimental material. 

When diphenyl ether was heated in an autoclave at 500° for 1 hour 
with hydrogen under 100 atmospheric pressures at 0°, 90% of the ether 
was transformed into benzene and phenol, although W. Ipatiew™ has re- 
ported that no appreciable reaction took place under such conditions. 

The fact that the mol ratio of benzene, phenol and water in the 
reaction product is 1:0.4:0.3 indicates that in the pyrolysis the following 
reaction (1) 

CM.0 GE. +H =~ CRON +CM 2... ttt ee el 


will be accompanied by either reaction (2) or (3) :— 


C,H; O C.H; + H, = 2CeH, + H,O ek moe: ee ae eae Se ee (2) 
Oe Oe ee) 


K. Kashima” and R. Nakai® have already claimed in the report on their 
experiments on aliphatic and aromatic ethers, that reaction (2) will take 
place mostly at higher temperatures, and reaction (3), in spite of the fact 
that it was not observed as expected in an experiment made by A. Kling 
and D. Florentin™, was actually noticed by the writer and Takahashi® on 
heating phenol with hydrogen at 460°—490° for 21/2 hours under 100 atmos- 
pheric pressures at 0°, the result being a fruitful yield of benzene and water. 


Thus, the pyrolysis of diphenyl] ether in the presence of hydrogen may 
be assumed to proceed mostly by reactions (1) and (2) and partly by 
reaction (3). 

Decomposition of diphenylether at 250°, however, in the presence of 
reduced nickel and hydrogen under 100 atmospheric pressures at 0° is 
observed to produce cyclohexane and cyclohexanol in equimolecular 
quantities (0.65 mol), which result is on the whole very similar to that 
obtained by S. Komatsu and W. Ipatiew™, in which hydrogenation in the 
benzene nucleus happens first and is followed by the disruption of the 
linking between the oxygen and carbon atoms, thus: 


C,H;-0-C,H; + H, —_ C,H,;-O-CeHj; — C,H,,OH + C,H, 


(1) Ber., 60 (1927), 1963. 
(2) Loc. cit. 
(3) ss 
(4) Internat. Conf. Bit. Coal., 11 (1928), 523. 
(5) Unpublished. 
(6) Loe. cit. 
Ber., 41 (1908), 1001. 
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When the reaction was conducted at 500°C, methane, cyclopentane, 
methyl-cyclopentane and water were observed to occur in the reaction 
product with the yield in mol ratio, 2:0.2:0.4:1 respectively. 


The formation of methyl-cyclopentane and cyclopentane is explained by 
assuming that cyclohexene which is formed as an intermediate product by 
dehydration from cyclohexanol or dicyclohexy] ether is in turn decomposed 
into cyclopentane and its derivative, as reported by S. Inoue” and by the 
writer and T. Yokota in connection with their catalytic reaction of benzene 
and phenol under high temperature and high pressure in the presence of 
reduced nickel and hydrogen. 

The chemical changes of diphenyl ether under high temperature and 
high hydrogen pressure with or without reduced nickel may be summarized 
as in the following scheme :— 


When diphenylene oxide is treated with hydrogen at 500°C for 5 hours 
under 100 atmospheric pressures at 0°, benzene (0.14 mol), phenol (0.13 
mol), o-hydroxydipheny] (0.2 mol) and a small quantity of dipheny] are 
obtained with 30% of unchanged oxide in the reaction product. 


(1) This Bulletin, 1 (1926), 157. 
(2) Ibid., 5 (1930), 266. 
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The main reaction in this case is represented analogously with the case 
of dipheny] ether, by the following scheme: 


Cli.——GH, +H, =CHOH-CM,.......+:..@ 
0% 

CH. C8.sMeGM4+GROe... i sc ices s @ 
0% 

C.—--68,4@i,<CGR.-~-GR4EO 1... sss + @ 
\o/ 


In other words, the disruption of the linking between the carbon and oxygen 
atoms proceeds first under the experimental conditions mentioned above; 
the effect of this is to weaken the linking connecting the two benzene nu- 
clei, with the result that reaction (5) takes place properly, and the reactions 
(4) and (6) are compatible with reactions (1) and (2) in the case of diphenyl- 
oxide. 

When 20 gr. of a- or §-dinaphthylene oxide were treated under condi- 
tions similar to those employed in the case of diphenylene oxide, the 
a-compound was decomposed completely into methane (3.8 gr.), benzene 
homologue (3.4 gr.), naphthalene (5.4 gr.) and a small amount of §-A’- 
dinaphthyl, and the §-isomer was converted into methane (4.8 gr.), benzene 


homologue (3.5 gr.), naphthalene (4.8 gr.), a-a’-dinaphthyl (2.5 gr.) and 
perylene (1.5gr.), but no trace of naphthol was formed in either case. 
These results indicate that the behaviour of these two naphthylene oxides is 
not entirely the same as that of diphenylene oxide though they present by 
the anologous chemical constitutions (J), (II) and (III). 


CyHe CyoH, _5; CyoH,+H-O e 
\ 07% 
. Hy 
CyoHe- = —CiH, _ “, CyH; -C;oH; T H,O 
\ 0% 
Dinaphthylene oxide 


(III) 


(\j : pe y, 
ie?” | 
/ 07% 


Diphenylene oxide 8 
A free naphthylene radical (4) which is formed by disruption of the linking 


between the carbon and oxygen atoms and that between the carbon and 
carbon atoms connecting the two naphthalene nuclei, will decompose more 
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easily than the phenylene radical (5) into methane and benzene homologue, 
and such a tendency of the free radical to decompose may be anticipated 
from the thermal reaction of naphthalene and benzene. 


(V) (IV) 
P pv Js 


- 
In the presence of nickel and hydrogen, diphenylene oxide was con- 
verted at 200°C and 280°C into o-hydroxydicyclohexyl and dicyclohexyl. 


The reaction products differ in quantity according to the reaction tem- 
perature, as may be seen in the Table 1 and the experimental results 


Table 1. 


CoH, ——CoH.+ Hs _, ©.8,(OH)—CG.H;, + CoHy—CpHy+H-0 


07% 
1 mol. 8.4 mol. 0.47 mol. 0.33 mol. 0.15 mol. 


1 mol. 9.3 mol. 0.25 mol. 0.54 mol. 0.69 mol 





indicate that the conversion of the ethylene oxide into dicyclohexy] is 
favorable at higher temperatures, due to dehydration of either o-hydroxy- 
dicyclohexyl or dicyclohexylene oxide, which are evidently formed by the 
catalytic hydrogenation of the oxide: 


C,H; C,H, we CyHyo CeHio 
Nea” \No/ 
| 


OH —— C.Hy,—C,.Hi 


Cs-Hio——_ C,H 
iy 


Such an interpretation of the chemical changes occurring during the 
catalytic hydrogenation of the ethylene oxide may be applied to the catalytic 
reaction of a- and 8-dinaphthylene oxides in the presence of reduced nickel. 
As a matter of fact, a-dinaphthylene oxide does not present any change in 
the presence of reduced nickel at 225°, while the 8-isomer is transformed 
first into octa-hydrodinaphthylene oxide at 200°. At 500°, formation of 
methane, cyclohexane homologue, decalin and tetralin was noticed, and the 
reaction is explained by assuming that hydronaphthylene, formed as an 
intermediate reaction product by dehydration of hydronaphthalene oxide, 
was converted into tetralin and decalin by catalytic reduction on the one 
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hand, and on the other decomposed into methane and cyclohexane homo- 
logue; this assumption is based on the fact that naphthalene is converted 
by catalytic hydrogenation under high pressure and temperature into 
methane and cyclohexane homologue. 


C,».H,——C,H, = CyoHo—— Cio Ho = Cy His + CyoHi2 


In order to investigate the catalytic effects of reduced copper, ferric 
oxide and Japanese acid clay on the thermal decomposition of diphenylene 
oxide, it was treated in the presence of each of these catalysts and of 
hydrogen at 500° under 100 atmospheric pressures at 0°. The reaction 
product was observed to consist, in each case, of kenzene, phenol, diphenyl 
and o-hydroxydiphenyl, and the amount of water and of benzene prcduced 
by the reaction was greatest with Japanese acid clay, ferric oxide and 
copper following in that order, as will be seen from the following Table 2. 


Table 2. 


a Water produced mol ratio of 
Cotenyat % benzene and phenol 


0.7 e ie 
Cu 3.4 sate 
Fe.O03 5.4 wy Se 


Japanese acid clay BES | 


From these experimental results, the writer is inclined to believe that 
the chemical reaction of diphenylene oxide in the presence of a catalyst and 
hydrogen under high temperature and pressure, proceeds by the processes 
represented as follows: 


C,H,——C,H, ——> C,H,OH+C,H,. .-......: © 

Ci i ——9C2 +R... sane orns @ 
No7% : 

C,H,OH — CsH; —— C,H, + H.0 


C,H, ——§C,H, — C,H, a C,H; . 
i 


0 OH 
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The reactions (9) and (10) which are not occur at 280° and 100 atmos- 
pheriec pressures at 0° with or without reduced nickel, are promoted 
in the presence neither copper oxide, ferric oxide nor Japanese acid clay 
heated at 500°C. 


Experimental. 


The apparatus employed in the experiments consisted of a cylindrical 
autoclave of about 2.5 litres capacity, which was heated externally by 
electric resistance, and mounted horizontally so to rotate, as may be seen in 
the Fig. 1. 
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Fig. 1. 


In each experiment, the sample, with or without a catalyst (1020) was 
put into the autoclave, hydrogen was introduced from a cylinder to produce 
100 atmospheric pressures at 0°C, and this was heated to the required tem- 
perature. The changes in the pressure during the reaction were observed 
at intervals of 5 minutes. When the reaction was finished, the volume and 
the density of the gas in the apparatus were measured, and the chemical 
composition of the gas and liquid or solid reaction products was examined 
carefully by chemical and physical methods. 


1. Diphenyl Ether. (A) Diphenyl ether (50 gr.) prepared® from 
monochlorobenzene and phenol by the catalytic action of copper, showing 
m.p. 28.0°; b.p. 247°—249 (760mm.), d? = 1.0711; n§ = 1.5773, was 
heated with hydrogen at 490° for 1 hour under a pressure of 100 atmos- 


(1) F. Ullmann and P. Sponagel, Ber., 38 (1905), 2211. 
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pheres at 0°. A fall of 6 atmospheric pressures was observed, which 
corresponds to 1.2gr. or 2 mol hydrogen, and the gas in the autoclave 
was determined to be composed of 99.4% hydrogen and 0.3% saturated 
hydrocarbon, probably methane. 








Time (hours) 
Fig. 2. 


The liquid substance (45gr.) produced by the reaction with water 
(1.5 gr.), was divided by fractional distillation into the following 3 
fractions. 


Fraction Yield (gr.) -y ny Remarks 


22 1.4970 Benzene 
180 190 1] — 1.5411 Phenol 


250°—260 6.5 1.0724 1.5779 Dipheny]-ether 


Fractions (1) and (2), as indicated by their physical constants, are as- 
sumed to be composed of benzene and phenol respectively, and this was 
confirmed in the case of the former substance by changing it into nitro- 
benzene, and of the second by the reaction with ferric chloride and caustic 
sceda. 

The third fraction agrees in its constants with dipheny] ether. 


(B) In the presence of reduced nickel. (1) When 50gr. of the sample 
were heated at 250° for 2 hours with hydrogen under 100 atmospheric pres- 
sures at 0°, in the presence of reduced nickel (5 gr.) which had been pre- 
viously prepared from nickel oxide by reduction with hydrogen at 280°, a 
fall of 22 atmospheric pressures was noticed. 


The amount of hydrogen absorbed and that of the gases produced 
during the reaction were found by calculation to be 4.8 gr. (8.0 mol.) and 
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2.9 gr. respectively (Fig. 3) from the analytical results of the gas in the 
autoclave : 


CO=0.1; H.=98.4; Cp Hon+, = 1.5: 
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Fig. 3. 


The liquid reaction product (47.5 gr.) separated from water (0.2 gr.) and 
the catalyst, was fractionated into 3 parts : 
B.p. Yield 
1 70°—175° 40 gr. 
2 175°—250° 1 


3 above 250° 1D os 


After repeated fractionation, the physical constants of each fraction 
were studied : 


Fraction B. p. Yield (gr.) a Z Remarks 


79°—85° 14.5 0.7769 1.4241 Cyclohexane 
158° —165° 20.0 0.9464 1.4610 Cyclohexanol 
238°— 242° 1.5 0.989 1.470 Dicyclohexyl-ether 


Fraction 1 was confirmed to be composed of cyclohexane from its be- 
haviour towards bromine or a mixture of nitric and sulphuric acids, and also 
from its physical constants. The phys cal properties of the 2nd fraction 
agree with those of pure cyclohexanol (d? = 0.9469 ; n} = 1.4635). 


The third fraction was assumed from the physical constants to be com- 
posed of dicyclohexyl ether, which has been prepared by S. Komatsu and 
M. Masumoto” from dipheny] ether by catalytic reduction. 


(1) S. Komatsu and M. Masumoto, loc. cit. 
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(2) Diphenyl ether (50gr.) was heated at 500° for 2 hours with reduced 
nickel (5 gr.) and hydrogen under a pressure of 100 atmospheres, the fall 
in the pressure was 28.5 atm. at 0°, (Fig. 4) and 7 gr. of hydrogen (12 mol) 
were used in the reduction, and the gaseous product was composed of 
hydrogen and methane in the proportion H: CH, = 92.7: 7.3. 





c% 
Z 
2 


Pressure (atm) 


| 


\ 
\ 


ry 
. 
| 

— 


Time (hours) 


500 Mp —— ang ; ” | | 
| \ r 
| 


¥ 
Sy 
_ 7. 


Temperature © 
zy N 
s 8 


. 


2 
3 
- 





Fig. 4. 


5.4Gr. of water and 13.6 gr. of liquid substance were obtained from the 
autoclave, with 22.0gr. of liquid substance of low boiling point, which 
escaped with the gaseous products from the autoclave when it was opened, 
and were absorbed with active carbon. The liquid reaction product found 
in the autoclave was all distilled at below 120°, and was fractionated care- 
fully, and the physical constants of each fraction studied : 


15 


Fraction B. p. Yield (gr.) oF nb Remarks 


55°—65° 5.0 0.7556 1.4160 Cyclopentane 


Methy]l- 
cyclopentane 


75°—78° 0.5 0.7769 1.4242 Cyclohexane 


65°—75° 3.0 0.7633 1.4214 


Fractions 1, 2 and 3 were identified by their physical constants and chemical 
properties with cyclopentane, methyl cyclopentane and cyclohexane re- 
spectively. 

The liquid reaction substance found in the gaseous products, was also 
examined and found to be composed of cyclopentane and methyl! cyclopen- 
tane by the usual treatment, as will be seen in the following table :— 


Fraction B.p. Yield (gr.) a} ni Remarks 


2.0 0.7545 1.4142 Cyclopentane 


Meth 


l 
1.2 0.7635 1.4218 epuapuntane 
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2. Diphenylene Oxide. Diphenylene oxide prepared from phenol by 
destructive distillation with lead oxide, and purified by fractional distillation 
and recrystallization from alcohol solution, shows b.p. 284° (760 mm); m.p. 
83°; m.p. of picrate 99°. 

When 50 gr. of the sample was heated with hydrogen at 500° for 2 hours 
under a pressure of 100 atmospheres at 0°, no appreciable change in the 
pressure was noticed, and therefore, it was heated again with a new supply 
of hydrogen, at 500°C for 2 hours (Fig. 5), and 1.5 gr. (2.5 mols.) of hydrogen 
were utilized in the reaction. 





Temperature 


Time (hours) 


Fig. 5. 


The gas in the autoclave consisted only of hydrogen. 
An oily reaction product (43 gr.) separated from water (0.4 gr.) was 
fractionated into 4 fractions with the follwing physical constants: 


Fraction | B.p. Yield (gr.) a? nj, Remarks 


90 $A 0.7819 1.4919 Benzene 
190° 3.é 1.0356 1.5358 Phenol 
280 


~290 


Fractions 1 and 2 were confirmed to be composed of benzene and phenol 
respectively. 

Fraction 3 melting at 70°—80°, was treated with a dilute caustic alkali 
solution, and the amorphous substance separated on acidifying the solution 
with acid, was recrystalized from petroleum ether in colorless needle cry- 
stals which melted at 58° and boiled at 283°, 760mm. These physical 
properties of the writer’s sample being different from those of o-hydroxy- 
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diphenyl mentioned by Hoénigschmidt™ (b.p. 275°, m.p.56°) and Hirsh® 
(m.p. 67°), it was analysed with the following results : 


Subst. = 0.1045; CO, = 0.3240; H.O= 0.0570 gr. Found: C= 84.55; H = 6.06. 
Cale. for Cy.H,;O: C = 84.70; H = 5.88. 


Fraction (4) consists of a substance which shows m.p. 83°, after being 
purified from an alcohol solution, it was identified with diphenylene oxide. 

(B) In the presence of reduced nickel. (1) 100 Gr. of diphenylene oxide 
were heated at 200° for 3 hours with hydrogen and reduced nickel under 
100 atmospheric pressures at 0°. The fall in the pressure was 45.3 atmos- 
pheres which correspond to 10 gr. or 8.5 mol of hydrogen (Fig. 6). 
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Fig. 6. 
The gas in the autoclave was composed of hydrogen. 
The liquid reaction product (107.0 gr.) separated from water (2.7 gr.) 


was fractionated carefully and the physical constants of the main fraction 
studied : 


Fraction 3. Dp. Yield (gr.) 


Below 
255° —265° 32.5 0.9391 1.4898 
265° — 27 ‘ 0.9791 1.4962 


Over 


The third fraction was a colorless liquid with a characteristic odour, show- 
ing no coloration with ferric chloride and no reaction with hydroxylamine ; 
the analytical results are as follows: 


(1) Hénigschmidt, Monatsh., 22 (1901), 568. 
(2) Hirsh, Ber., 23 (1890), 3710. 
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Subst. = 0.1056; CO, = 0.3028; H,O=0.1141gr. Found: C=78.2; H=12.1 
Cale. for Cj.H.O: C=79.12; H = 12.09. 


These results agree fairly well with those of o-hydroxydicyclohexy] 
mentioned by Wallach.” 

The second fraction was assumed to be a mixture of o-hydroxydicyclo- 
hexyl (C2H2O, C = 79.1; H = 12.1) and dicyclohexyl (CjzH2, C = 86.7; 
H = 13.3) from its physical constants and the analytical results : 


Subst. = 0.1423; CO, = 0.4197; H,O = 0.1692 gr. Found: C = 80.4: H = 13.3. 


(2) When 100 gr. of diphenylene oxide were heated at 280° for 2 hours 
with hydrogen and reduced nickel under a pressure of 100 atmospheres at 
0°, there was a fall of 50 atmospheric pressures, which indicated that 
10.7 gr. (9 mol.) of hydrogen were absorbed. 
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104.0 Gr. of liquid reaction product was obtained, with 7.3 gr. of water, 
and the former was fractionated carefully and the physical constants of 
each fraction studied : 


Fraction B. p. Yield (gr.) 


Below 237° 1.2 
237°—240° 53.8 
240° —245° 19.8 
245°—250° 6.6 
Over 250° 5.0 








(1) O. Wallach, Ber., 40 (1907), 70. 
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The 2nd fraction, which showed no reaction with a mixture of nitric 
and sulphuric acids, gave the following analytical results : 












Subst. = 0.1878; CO.= 0.4842; H.O=0.1617 gr. Found: C=85.9; H = 13.1. 
Cale. for C\sHs.: C = 86.74; H = 13.26. 






These experiments indicate that the fraction consisted of dicyclohexy]. 
The 3rd fraction was assumed to be a mixture of dicyclohexy! and 
hydroxydicyclohexy] from its physical constants, 

(3) When 50 gr. of diphenylene oxide were heated with hydrogen and 
nickel at 500° for one hour under pressure, the fall in pressure was observed 
to be 28.5 atmospheres. (Fig. 8). 
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Fig. 8. 







From the composition of the gas in the autoclave shown in the table, 
the amount of hydrogen absorbed by the reaction was calculated and found 
to be 7.8 gr. (13 mol.) 


H, Cn Hon Cn Hen+2 n 
87.7 12.3 1.4 



























Liquid product (22.0 gr.) and water (4.8 gr.) were obtained by the reac- 
tion and the former was fractionated repeatedly and the physical constants 









of each fraction were studied : . 
— ee ere : — a 
| Fraction B. p. Yield (gr.) ai nb Remarks 
° ° - Methyl- 
1 68°—75 8.7 0.7662 1.4226 cyclopentane 
2 78°—82° 2.5 0.7844 1.4279 Cyclohexane 











.Fractions 1 and 2, as their physical constants indicate, are composed of 
methyleyclopentane and cyclohexane respectively. Moreover, 7.4gr. of 





188 T. Ogawa. 


methyl-cyclopentane (b.p. 50—75°, d}> = 0.7635; njj = 1.4218) were isolated 
from 19.6 gr. of the liquid reaction product which escaped with hydrogen 
gas from the autoclave when it was opened, and absorbed by active 
carbon. 


(C) In the presence of ferric oxide. Diphenylene oxide (50 gr.) was 
heated at 500° for 5 hours with hydrogen and ferric hydroxide ignited at 
350°, under pressure, and no appreciable change in the pressure was 
noticed, as is indicated in Fig. 9. The gas in the autoclave was composed 
of, 

co, , Cn Hon Cn Hen +2 


_ od 97.£ 2.3 
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An oily reaction product (87.2gr.) separated from water (2.7 gr.) was 
fractionated and the physical constants of each fraction studied : 


Fraction B.p. Yield (gr.) a nb Remarks 


75°— 85° . 0.8580 1.4820 Benzene 
175° — 200° 3. 1.0335 1.5369 Phenol 


200°—260° y ~ i he 
Mixture of o- 
4 | 260°—280° hydroxydipheny] 
and diphenyl 


5 280° —290° (83°) Diphenylene oxide 





Fractions 1 and 2, as indicated by their physical constants are composed 
of benzene and phenol respectively, and this was confirmed by chemical 
methods. The 4th fraction was treated with dilute caustic alkali solution, 
to separate o-hydroxydipheny]! from diphenyl], and the former showed b.p. 
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283°, (760mm), m.p. 58° after purification and a part insoluble in alkali, 
which melted at 70° after being purified by distillation and crystallization, 
was confirmed to be diphenyl. 

Fraction 5 was assumed to be composed mostly of diphenylene oxide 
from its melting point, which showed no depression on mixing with pure 
diphenylene oxide. 

(D) In the presence of reduced copper. Diphenylene oxide (50 gr.) was 
heated at 500° for 3 hours with hydrogen under 100 atmospheric pressures 
at 0°, in the presence of reduced copper (5gr.) which had been previously 
prepared from copper oxide by reduction with hydrogen at 200°. 
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The gas in the autoclave was composed of hydrogen and saturated 
hydrocarbon, and the hydrogen absorbed by the reaction was calculated as 
5 mols. 


H Cy Hon+2 n 
97.4 2.6 1.1 
40 Gr. of the oily reaction product with 1.7 gr. of water were obtained, and 
were fractionated : 
Fractions 1 and 2 were assumed by their physical constants to be 
composed mainly of benzene and phenol respectively. 


Fraction | B.p. Yield (gr.) a? B Remarks 


75°—82° 6.8 0.8659 Benzene phenol 
170°—190° 3.8 1.0414 O-hydroxy diphenyl 
220° —280° 18 _ Dipheny] 
Above 280° 2 - Diphenylene oxide 
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O-hydroxydipheny] and a small quantity of dipheny] were isolated from 
fraction (3). 


(E) In the presence of Japanese acid clay. (3) Diphenylene oxide 
(50 gr.) was heated at 500° for 10 hours with hydrogen under pressure in the 
presence of Japanese acid clay (5gr.). (Fig. 11). 








? ”" 
we yempe | 
fe seh cue a el | ON Eg 
Pe 7 wo fle 55 On Ph OSS a, | 
D 400 = 70 Ye SOO ag ~~ 
*) * 
-_.. 
2 WO. Bw 
$ 2 . 
£ 2003 Jo 
.° 2 
8 00 & } 
. = | 
x { ¥ 





8 
~ 
8 

[ 

| 

| 

| 

| 

| 

| 

| 

| 

| 
i 





‘ 
» | 
. 
G 
a 
N 
© 
‘ 
LS) 
~ 
% 
_ 
a 
x 
° 


Time (hours). 
Fig. 11. 


From the composition of the gases in the autoclave we learned that the 
loss of hydrogen was 11 mol but 6.9gr. of saturated hydrocarbon were 
generated by the reaction. 


Hy Cn Hon+2 n 
97.4 2.6 im | 
II 98.3 1.7 — 


27 Gr. of an oily substance with 3.0 gr. of water were obtained by the 
reaction, and the former was fractionated carefully and the physical 
constants of each fraction studied : 


Fraction B.p. Yield (gr.) d® nd Remarks 


1 79°—85° 7.5 0.8683 1.4925 Benzene 
2 175°—185° 2.3 1.0227 1.5310 | Phenol 
| , 
Mixture of o- 
3 260°—300° 15.0 (60°—70°) hydroxy dipheny] 


and diphenyl 


4 280°—300° 2.3 (82°—83°) Diphenylene oxide 


| 
| 
Fractions 1 and 2, as their physical constants indicate, are composed of 
benzene and phenol respectively. From the 3rd fraction, o-hydroxy- 
diphenyl and diphenyl] were isolated, and the 4th fraction was assumed to 
be composed mainly of diphenylene oxide. 
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3. Dinaphthylene Oxide. a- and §8-Dinaphthylene oxides were pre- 
pared” from the corresponding naphthol (aor) by distillation with lead 
oxide, and purified by treating with alkali solution and recrystallization 
from hot benzene solution. 


a-Dinaphthylene oxide 6-Dinaphthylene oxide 
B. p. 255°-260° (5 mm) 250°-260°— (5 mm) 
M. p. 181° 155° 
M.p. of picrate 173° 158.5° 


(A) a-Dinaphthylene Oxide. (1) a-Dinaphtylene oxide (20 gr.) was 
heated at 500° for 3 hours with hydrogen under 100 atm. pressures at 0°, 
and the fall in the pressure was 14 atmospheres. (Fig. 12). 
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The gas in the autoclave was composed of hydrogen (89.7%) and 
saturated hydrocarbons (10.3% ; n=1) and the latter amounted to 3.8 gr. 


Liquid product, (16.8 gr. d’=0.9801 ; n§=1.5840), was fractionated : 


Fraction B.p. Yield (gr.) | a> ne 
1 80°—125° 2.7 0.8802 1.4956 
2 125°—140° 0.7 0.8894 1.5080 
3 180°—200° 1.0 
4 200° —250° 5.4 
5 250° — 280° 0.6 
6 residue 2.8 


Fractions 1 and 2 were assumed to be composed of benzene and its homo- 
logue by their physical constants and also by the formation of nitro-com- 
pounds with a mixture of sulphuric and nitric acids, and of benzoic and 
phthalic acids on oxidation by potassium permanganate solution. 


(1) W. Knecht u. J. Unzeitig, Ber. 13, 1724; C. Graebe, Ann., 209 (1881), 132; 0. 
Honigschmidt, Monatsh., 22 (1901), 561; O. Eckstein, Ber., 38 (1905), 3661. 
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Fraction 3 which showed no reaction with ferrie chloride solution or 
alkali solutions, yielded a small amount of naphthalene on distillation. 


Fraction 4, on recrystallization from hot alcohol yielded white crystals 
melting at 80°, and was confirmed to be hydro-naphthalene by conversion 
into picrate melted at 149°. From the higher fraction, 0.5gr. of white 
tabular crystals with a pale blue fluorescence was isolated which melted at 
184° after being recrystallized from hot alcohol solution and gave an organe 
yellow picrate melting at 184°. It was assumed to be §-§’-dinaphthyl, and 
to confirm this assumption, it was analysed : 


Subst.=0.0142; CO,=0.0290; H,O=0.0076 gr. 
Found: C=94.1; H=5.9; Calc. for CopH;,; C=94.48; H=5.652. 


(2) In the presence of nickel. a-Dinaphthylene oxide (20gr.) was 
heated with hydrogen at 225° for 2 hours in the presence of reduced nickel 
under 100 atm. pressures at 0°, no appreciable change in the substance 
being noticed. 


(B) @8-Dinaphthylene Oxide. (1) §-Dinaphthylene oxide (20 gr.) was 
heated at 500° for 3 hours under the same conditions as above, and the fall 
in the pressure was 18 atm. at 0° (Fig. 13). 
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Fig. 13. 


From the composition of the gases in the autoclave [hydrogen (86.3 2%) 
and methane (13.7 %)], the amount of hydrogen absorbed and of methane 
produced were calculated and found to 1.6gr. (11.5mol.) and 4.8 gr. 
(4.3 mol.) respectively. 


The oily reaction product (14.7 gr.) was fractionated with the follow- 
ing result: 
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Fraction B.p. Yield (gr.) a% ni 


100°-——150° r 0.8719 | 1.4963 
150° —180 0.8894 1.5058 
180°—200° 

200°— 250° 

250° — 280° 

120°—250° (4mm) 


250°—320° (4mm) 





The first fraction was confirmed to be composed of benzene homologues 
by chemical methods as in the case of the a-compound. 

The amount of fractions 3 and 5 was very small, and no alkali-soluble 
matter was observed to occur. 

Fraction 4 was confirmed to be composed of naphthalene. From frac- 
tion 6, white tabular crystals melting at 156°, identical in their properties 
with a-a’-dinaphthyl, were obtained and analysed : 


Subst. = 0.1215; CO, = 0.4215; H.O= 0.0561 gr. Found: C= 94.6; H = 65.2. 
Cale. for CoH,,; C= 94.48; H = 5.52. 


Fraction 7, a reddish viscous liquid, yielded yellowish tabular crystals 
on being treated with benzene solution and then acetic acid; they melted at 
247° and formed a deep brown picrate melting 250°. These facts and the 
colour reaction to cone. sulphuric acid indicate that the compound is identical 
with perylene. 

(2) §-Dinaphthylene oxide (20 gr.) was heated with hydrogen in the 
presence of reduced nickel at 200° for 2 hours, the fall in the pressure 
being 11 atmospheres. (Fig. 14). 


g 


Temperature (CT) 
3 
pressure (atm) 









T. Ogawa. 


A colourless jelly-like matter which distilled out at 225°-280° (6mm), 
was obtained as a reaction product. The yield was17gr. On analysis it 
gave the following results: 


Subst. = 0.1106; CO, = 0.3509; H,O = 0.0729 gr. Found: C = 86.52; H = 7.37. 


On treating the product with hot alcohol, 5 gr. of white needle crystal 
melting at 140° were isolated. 


Subst. = 0.1069; CO, = 0.3396; H,O= 0.0708 gr. Found: C= 86.6; H =7.4. 
Calc. for CoH.,O: C = 86.95; H = 7.24. 


It yielded an orange yellow picrate which melted at 145.5°-146.5° (not 
sharp). From these results the needle crystals were assumed to be octa- 
hydrodinaphthylene oxide. 


(3) When 20 gr. of 8-dinaphthylene oxide were heated at 500° for one 
hour in the presence of reduced nickel under high pressure, the hydrogen 
lost and the methane generated were found, by calculation, to be 2.5 gr. 
(16.5 mol.) and 5.5 gr. respectively (Fig. 15), since the gaseous reaction pro- 
duct was composed of 87 % hydrogen and 12.3 % methane. 
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A pale yellow liquid product (13.9 gr.) was fractionated as usual, and 
the physical constants of each fraction studied: 


Fraction B.p. Yield (gr.) oy nd 
1 67° —90° 1.2 0.7623 1.4204 
2 90°—160° 2.6 0.8246 1.4615 
3 160°—190° 2.3 0.8584 1.4831 


190°—197° 0.9074 1.5010 
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Fractions 1 and 2 were assumed by their physical constants to be 
composed of cyclohexane and its homologue, and this was confirmed by 
transforming them into benzene nd=1.4995 and toluene nZ=1.4955 respec- 
tively by dehydrogenation with reduced nickel heated at 350°. 

Fractions 3 and 4 were assumed to be composed of decalin and tetralin 
by the study of their physical constants, and also of their catalytic oxida- 
tion into naphthalene by contact with reduced nickel at 350°. 
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gave him permission to publish this paper; to Engineer-Captain Viscount 
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their kindness in enabling him to take part in this work; and also to Pro- 
fessor S. Komatsu of the Kyoto Imperial University, whose advice and 
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